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SPECTROSCOPIC STUDIES
MOKHTAR MOFIDI, M.KEITHHUDSON,
REAGAN COLE, and JAMES D.WILSON
Department of Electronics and Instrumentation
University of Arkansas at LittleRock
LittleRock, AR72204
ABSTRACT
Lock-in-amplifiers are used in many applications for signal processing and offer the ability to dis-
criminate high levels of noise. While these instruments are very powerful and offer many features,
they are not portable and are expensive. An economical and easy to use alternative circuit is pre-
sented which incorporates pre-amplification, reference, and synchronous detection on one circuit
board. The design can be used in laboratory or process control situations where its small size and
low cost are advantageous. The circuit was successfully applied to moderate and high level signals
as seen in flame infrared emission detection and in a portable radiometer forrocket plume studies.
INTRODUCTION
One of the principal methods of enhancing a small and narrow band
signal is to use electronic hardware devices, filters, and/or modulation
and demodulation. Ifthe signal and noise cannot be separated by filtering
alone, it is then best to carry out a modulation/demodulation step.
Modulation is accomplished by transposing the signal onto a carrier wave
with the desired frequency. The resultant signal is amplified and then
goes through a demodulation (or reverse modulation) step, in which the
original signal is recovered from the carrier wave. A lock-in-amplifier
(LIA)is a signal measurement and processing system that is veryefficient
in discriminating against the noise components of a signal. It works by
synchronizing the modulation and demodulation steps on a carrier signal.
Since the desired signal information is contained within the carrier, the
non-carrier related components such as flicker noise, hum and other inter-
ferences are rejected. An LIAcan form an extremely narrow bandpass
filter that automatically centers on the frequency ofinterest and can yield
tremendous improvements in signal to noise ratios. Inpractice, lock-in-
amplifiers can extract a signal 120 dB below the noise level.
Investigations of infrared emissions from combustion flames and
related sources have been carried out using lock-in-amplifiers (Hudson
and Busch, 1987; 1988) (Hudson et al., 1990). While these instruments
are very powerful and have many useful features, they are also cumber-
some and expensive. Many applications would benefit from using a small
LIAcircuit which can be included in the housing ofthe instrument,
whether for simplification or portability. Some uses may present a dan-
gerous environment for the use of an expensive laboratory grade instru-
ment (Underhill et al., 1991). Others may require operation where
vibration, heat, or other considerations make the use ofa commercial LIA
less than optimum. The followingcircuitry is designed for these types of
applications.
CIRCUITDESCRIPTION
As shown inFigure 1, the preamplifier consists of a low offset, low-
drift FET input LF411CN (Linear, 1987) operational amplifier which is
connected toa PbSe detector (Infrared, 1990). An optical chopper operat-
ing at approximately 600 Hz is used to provide modulation. The gain of
this amplifier is equal to the ratio of the feedback resistor (R6) to the
input resistor (R5), which is connected to the inverting input terminal
(negative). The feedback resistor is variable, therefore the gain of the cir-
cuit can be adjusted to the desired level. The feedback capacitor (C4) is
sometimes called the "damping capacitance" and is mainly for stability,
to protect against oscillation. This feedback circuit has a time constant of
C4 xR6, and serves as a noise filter. However, italso sets the response
speed, therefore it is necessary to select values that suit needed applica-
tions. When designing a preamplifier, it is necessary to consider
impedance matching to the detector, low noise, and bandwidth. The PbSe
has a load resistance of0.5 Mohms and a dark resistance of0.6 Mohms.
When the load resistance and dark resistance are equal, the maximum
signal can be obtained from the detector. A 0.5 Mohm resistor was
selected as R3 to match the load impedance of the detector and achieve
maximum output signal. The input impedance of the preamplifier was set
to 1 Mohm (R4), which provides the path for AC signal from PbSe to
ground. An AC-coupling capacitor (C3) was placed between the detector
and the non-inverting input to block any DC signal and pass the 627 Hz
ACsignal. To eliminate noise or ripple existing at the supply terminals at
+/-12 volts, two low pass filters (Rl, Cl and R2, C2) were employed.
Since the 4066 synchronous detector switch, described later, operates at
+1-5 volts, the supply voltage was regulated using two voltage regulators,
TLO7805 (+5 volts, 100 mA)and TLO7905 (-5 volts,100 mA). The +/-5
volts were used for all circuits except the PbSe detector, which used +/-12
volts. To buffer the output of the amplifier against oscillation, a 47 ohm
resistor was placed in series at the output ofthe amplifier.
Animportant aspect of the modulation step is the generation of a ref-
erence signal that is the same frequency as the carrier wave (chopping
frequency) and isphase-locked to it.Fig. 2 shows a reference signal cir-
cuit. The near IR radiation emitted at a wavelength of 940 nm from the
infrared emitting diode (IRKD)is chopped by the mechanical chopper at
the same frequency as, and with a fixedphase relationship to, the analyti-
cal signal. A 330 ohm resistor (R8) is placed inseries with the IRED to
limit excess current. The IRphototransistor detects the 940 nm radiation
through the opening of the chopper. This radiation causes the transistor to
generate current. This current causes a voltage drop across the 1Kohm
resistor (R9). This voltage drop willbe the voltage at the non-inverting
Figure 1. Pre-amplifier circuit, including PbSe detector.
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input of the LM31INvoltage comparator. The inverting input of the com-
parator is connected to a variable resistor (R10) which was selected to be
SO K ohms. This resistor was chosen on the basis of availability and
because itdoes not draw appreciable current, which would effect the sta-
bility of the system. The value of this resistor was adjusted so itwould
have a voltage drop equal to half of the voltage across R9 toassure com-
plete switching. The current through R9 introduces a small voltage to the
inverting input that forces the comparator's output to go to a high voltage
level. The output frequency willbe exactly the same as the chopper's fre-
quency. A 10 jifcapacitor (C7) at the positive supply terminal eliminates
any noise and/or ripple.
Figure 3 shows the main section of the synchronous demodulator
which uses a CD4066 quad analog switch low offset, low drift JFET
input operational amplifier (LF411), and a PNP transistor (2N3906).
Since the analog switch operates in the range of+/-5 supply voltage, the
reference signal needs to be translated. Itshould swing in the same range
as the supply voltage. When the input signal at the base of the transistor is
zero, the emitter voltage is more positive than the base voltage. This
causes the output of the transistor at the collector to reach the maximum
positive supply voltage. When base voltage from the reference reaches +5
volts itcauses the output voltage of the transistor to reach its maximum
negative supply voltage. The output of the transistor is being fed to the
control pin of the analog switch. This switch willbe turned on and off at
the rate of the reference frequency. The output of the switch was connect-
ed to the input of the amplifier as shown. When the switch is open, the
analytical signal passes through the (R15, R16) 10Kohm resistors with a
gain of -1. When the switch is closed, the analytical signal reaches the
output ofLF411 op-amp through the (R14, R15) 5K ohm and (R15.R16)
10K ohm resistors path with a total gain of+1. Therefore, the output has a
gain of either +1 or -1, depending on switch state. The analytical signal
willbe recovered or demodulated as itcomes out ofthe LF411which acts
as a synchronous rectifier or demodulator. Depending on the phase rela-
tion between the analytical signal and reference signal, the modulated
signal can be either totally recovered or discriminated. Fig. 4 shows these
relations. When the signal and the reference are in phase (0 degrees or
180 degrees), a strong DC term (positive for 0 degrees, negative for 180
degrees) is produced, which is proportional to the strength of the input
signal. But when the reference and signal are out of phase (90 or 270
degrees), a zero DC term is produced completely rejecting the input
signal. The recovered output goes through a filter (R17, C8) with a time
constant of 250 ms for removing the AC components. The second LF411
was used for further amplification, ifnecessary, by using Rl8and R19.
APPLICATIONS
The circuit was initially tested using a signal generator and oscillo-
scope tomonitor the signals present in/ateach stage. This allowed confir-
mation ofproper operation. Following testing, the circuit was placed into
operation as the signal processor for a Flame Infrared Emission (FIRE)
gas chromatography detector (Hudson and Busch, 1987; 1988) (Hudson
el al., 1990). Output of the synchronous detector was routed to a strip
chart recorder. An output tracing is shown inFig. 5. This tracing was
obtained by injecting 4 ulof amixture containing equal volumes ofpen-
tane, hexane, heptane, and cyclohexane into the GC. The column temper-
ature was set to the boiling point of pentane, 69 "C, inorder to assure
complete separation. The separated compounds were combusted in a
hydrogen/air flame to give the products carbon dioxide and water vapor.
The emission resulting from each compound was detected by a PbSe
(lead selenide) detector with an appropriate bandpass filter (4.3 |im for
carbon dioxide). Signals were then sent to the circuit board forprocessing
and recorded on a chart recorder. The FIREtrials indicate that the circuit
is able to operate inplace ofa commercial, laboratory LLA for the pro-
cessing of signals of moderate to high intensity. Signals recorded with
this circuit were comparable to those obtained withan Ithaco 3961ALLA.
The circuit was also used as the signal processor in an IR radiometer
formonitoring the IR emissions from rocket motor plumes. The circuit
output was fed to an A/D board, located about 100 feet from the instru-
ment. Again, the circuit performed as expected for anLLA,giving experi-
Figure 2. Optical chopper reference circuit.
Figure 4. Synchronous detector input/output phase relationships.
Figure 3. Synchronous detector circuit.
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9 | I CONCLUSION
«
_ 1 The circuit as designed allows the user to replace a commercial lock-
n in-amplifier with no signal or performance degradation in applications
1 which present a moderate to high level signal. Theoretically, the circuit*'
should be capable of extracting low level signals from high levels of
j noise, however, this capability has not been proven experimentally at this
S 6" time. The circuit has several advantages when used in certain applica-
O r tions. Itis very economical in comparison to a commercial LIA.Itis(75 5" I 3 applicable ina process control environment, with little effect on signal
UJ I a output Its small size makes iteasy to incorporate as a signal processor in
~
mm I \ \ various instrument systems. The circuit is currently being modified to< I 4 allow electronic phase shift, DCoffset, and other features which willgive
H «a 11 1 A greater versatility.
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